The image performance of acoustic and ultrasound sensors depends on several fundamental 1 parameters such as depth of focus or spatial resolution. There are currently two different type 2 of acoustic diffractive lenses: those which form a diffraction-limited spot with a shallow depth 3 of focus (zone plates) and lenses which form an extended focus (quasi-Bessel beams). In this 4 paper, we investigate a pupil-masked Soret zone plate which allows the tunability of a normalized 5 angular spectrum. It is shown that the depth of focus and the spatial resolution can be modified, 
The quality of the image is determined by the beam distribution (lateral resolution, R lat ) and 44 axial resolution, R ax . For an arbitrary circular aperture at the focus, simplified expressions for lateral 45 resolution, R lat , and (DoF), are [32] :
Here, the ratio of the focal length to the diameter is the f-number f # . From Equations (1) and (2) it 47 is followed that [33] :
Equation (1) is valid also in the focal area for a focused lens with a high numerical aperture [34] .
49
One could see that depending on the choice of frequency and f # , the resolution can vary over several 50 orders of magnitude.
51
To increase the depth of focus and spatial resolution many papers investigated acoustic Bessel 52 beams due to the central core spot size of the Bessel beam, which is defined from the properties of the 53 zeros of a Bessel function and is given by:
where k r is a radial wave vector [35] .
55
For example, a flat acoustic lens with an aperiodical structure to transform a divergent beam into 56 a Bessel like beam was reported in [36] . Bessel beams of sound waves were also reported in [37, 38] .
57
However, they are not as broadly applied as in optics, which is perhaps related to the lack of convenient 
The study of the physical phenomena involved in the interaction between the lenses and the 82 wave front requires a mathematical model that considers the boundary conditions of the problem.
83
In the present work, the FEM method has been used through the commercial software COMSOL 
One of the problems with the use of FEM, is the extensive usage of memory resources. To 87 avoid them, axisymmetric models have been considered. This design, simplifies the calculation when
88
considering that half-lens generates the rest of the model by turning 2π. Therefore, the degrees 89 of freedom needed to obtain the numerical solution are reduced, decreasing the computation time.
90
Underwater transmission is considered, and to solve Equation ( and maximum element size of λ/8 to prevent numerical dispersion.
97
In the current paper, the lenses with high numerical aperture (N A) were selected (D/2F = 2.5).
98
Focusing of this device (F = 4.5λ) leads to a very compact beam with a short working distance. Below 99 it has been considered and compared three types of SZPs based on acoustic lenses: classical SZP, zone 100 plate with amplitude pupil mask (PSZP) and zone plate based on reference phase concept (RSZP).
101
The simulation results are presented in self-normalized intensity maps with normalized axis to the smaller than the corresponding Fresnel zones (see Table 1 ). In this narrower and it has a little more energy in the outer rings of the diffraction pattern (compared to the 125 central maximum).
126
As it was mentioned above that PSZP and RSZP generate quasi-Bessel beams as shown in Figure   127 1. As for RSZP, in general, it can be mentioned that effectively, by increasing the diameter of the 128 amplitude pupil, the diameter of the central spot is reduced, and the depth of focus is increased with 129 the relative amplitude of the secondary lobes is increased. It is worth mentioning that in [32] a paraxial 130 study of this phenomenon in optics was made in contrast to our study made for acoustic lens with 131 high N A.
132
The effects of extended depth of focus with quasi-Bessel structure both for PSZP and RSZP may 133 be described (to simplify the problem) as presented in Figure 3 . angle (Figure 3b ).
147
The interference pattern is a 2D Bessel function of the first kind, located at the focal distance. 
153
Most of the focused wave is diffracted from the outer rings and the first-order diffraction beams 154 intercept the optical axis and form the acoustical needle, which is similar to the formation of a 155 quasi-non-diffracting beam with conical lenses.
156
It could be noted that in the optical band, the pupil mask method was used to block the light 157 through the central part in the point-focusing super-oscillatory lenses to achieve a DoF as long as 
Experimental Results

161
In order to carry out the experimental measurements, the SZP and the PSZP have been 
Conclusion
179
In this work, we have proposed an improvement over a classical SZP introducing an amplitude Therefore, the same SZP could be used for different targets by adding an amplitude pupil mask.
192
In consequence, these results confer great versatility to SZP lenses. 
